One hundred sixteen spring-calving Polled Hereford x Angus cows were milked using milking machines after receiving 20 IU of oxytocin. Sires of the cows had been divergently selected on yearling weight 0 and total maternal (MAT) EPD to form four groups: high YW, high MAT EPD; high YW, low MAT EPD; IOW YW, high MAT EPD; and low YW, low MAT EPD. Average milk production after 12-h calf separation was 3.7 f 1.3 kg. Actual milk production of cows was regressed on their sires' milk EPD, where the milk EPD estimates the additive maternal genetic contribution of a sire to the weaning weight of his daughters' calves. The regression of actual 12-h milk production on sire milk EPD was .038 f .014 kg/kg, and the correlation was .26 (P e .0061, close to its expected value, based on the accuracy of the prediction, heritability of the trait, and the relationship between sire and daughter. Extension of results of a single milking to an entire lactation is difficult, but over the range of sire milk EPD sampled (-10 to 16 kg1, the range in daughters' milk production predicted from the regression analysis w&s 27% of the mean actual milk production, corresponding to a n increase of about 1% more milk per kilogram of milk EPD.
Introduction
Milk production is a potential component of the selection objective in beef cattle improvement. However, genetic trends in breeds such as Angus and Polled Hereford W, 1989; APHA, 1990) show that almost no genetic change has been realized for the maternal component of weaning weight in U.S. beef cattle populations. Because direct m e a swes of milk production are not normally available for beef cattle, weaning weights are used as a n indicator of the milk production of the dam. Weaning weights are assumed to be a joint ' The authors express appreciation to the Am. Polled Hereford Assoc. for assistance in identifying the sires used in this study and to the AI organizations and private breeders who donated the semen. expression of genes for growth of the calf and genes for milk production of the dam. Statistical procedures, based on the resemblance among relatives, have been used to separate these effects in beef cattle (Koch, 1972;  Thompson, 1976; Cantet et al., 1988) .
In contrast, actual milk production of beef cows has been extensively measured under experimental conditions. Techniques to measure milk production have included weigh-suckle-weigh (Rutledge et al., 1971; Totusek et al., 1973; Beal et al., 19901, hand milking (Totusek et al., 19731 , and machine milking (Gleddie and Berg, 1968;  Beal et al., 1990) . The objective of this study was to assess the relationship between the milk EPD of the sire and the actual milk production of crossbred daughters, using sires divergently selected for yearling weight Iyw) and total maternal (MAT) EPD. The MAT EPD expresses differences in weaning weight of bulls' daughters' calves due to the milking ability of bulls' daughters plus the growth potential of their daughters' calves.
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Materials and Methods
Experimental Procedures
One hundred sixteen Polled Hereford x Angus cows were milked with milking machines at the Shenandoah Valley Agricultural Experiment Station, Steeles Tavern, VA. Polled Hereford sires of cows had been divergently selected according to their YW and MAT EPD to generate four sire groups. Sire group means for YW EPD, MAT EPD, and milk EPD and associated accuracies (BIF, 1986) from the 1990 Polled Hereford Sire Summary CAPHA, 1990) are presented in Table 1 . Forty-one sires were represented, with a range in milk EPD of -10 to 16 kg. Accuracy of milk EPD averaged .80. The pooled within-group SD in YW EPD, MAT EPD, and MILK EPD were 4.1, 3.4, and 2.9, respectively, indicating that significant differences among sires groups in EPD were achieved. Details of sire sampling and general cow-calf management were given by Mahrt et al. (1990 Time of separation of calves from their dams before milking has been presented as a critical effect in estimation of milk production (Williams et al., 1979) . Thus, to minimize differences in separation time, cows were milked in six groups of 18 to 21 cows each. Cows were blocked by age, days postpartum, and MAT EPD group and then randomly assigned within blocks to milking groups. During a 3-d period, one group of cows was milked in the morning and a second group was milked in the afternoon to yield a single milk record for each cow at the end of the 3 d. Before separation, calves in each group were allowed to suckle and then were separated from their dams.
Cows were injected (i.v.1 with 20 IU of oxytocin immediately before milking. Machine milking procedures have been described by Beal et al. (1990) and were determined to be most appropriate for comparing differences in milk production among individual cows based on a single estimate of milk production. Beal et al. (1990) estimated that the repeatability of individual milk production measures taken 3 d apart within a lactation by this method was .97 (P e .01). This repeatability suggests that a single milking provides a n adequate measure of milk production at a specific point in lactation. Bed et al. (1990) also observed correlations of .84 to .92 between milk production measures taken at 66, 123, and 179 d postcalving within the same lactation. These correlations suggest that a single milking can provide a reasonable characterization of milk production levels throughout lactation.
Milk was weighed immediately after collection and samples were taken for subsequent analyses of milk fat, protein, lactose, and total nonfat solids following methods described by Akers and Thompson (1987) . Calves were weighed at birth and at weaning at an average age of 223 d. Birth weights were missed in two of the calves; therefore, only 114 records were used in the analysis, representing 40 Polled Hereford sires.
Statistical Procedure
Two models were used in the analysis. The first one, as follows, tested differences among the four groups of sires: -
where Yiju = observed 12-h milk production; p = a constant common to all observations; MGi = fixed effect of the ith milking group, i = 1,3; Aj = fixed effect of the jth cow age group, j = 1,4; Sc;I, = fixed effect of the kth sire group, k = 1,4; bl = partial regression coefficient of Y on calving date (D) as a deviation from mean D of the jth cow age group 6 j I ; b2 = partial regression coefficient of Y on calf birth weight (BI; and eiju = residual random error associated with the lth cow. Calving date was expressed in julian days, and, because milking took place within 3 d, is an indication of day of lactation. Because of confounding of age of cow and calving date due to early breeding of heifers, milk production was adjusted to the mean calving date of the jth age of cow group. Also, because there were only six 6-yr-old cows, these were combined with 5-yr-old cows for analysis. Orthogonal linear contrasts were used to compare high vs low MAT EPD sire groups, high vs low YW EPD sire groups, and the interaction of YW EPD and MAT EPD sire groups.
Model 2 replaced sire group effects with the regression of actual milk production on sire milk EPD to quantify the relationship between these variables. Model 2 thus, was as follows: -
where b3 = the partial regression coefficient of Y on sire milk EPD. Interactions of age of cow with milk EPD and age of cow with calving date and quadratic effects of calving date and milk EPD were also tested but were not significant and were removed from Model [21. Additional sire effects not accounted for by regression on milk EPD were also tested. A sequential F-test was used to test sire effects as the additional reduction of error s u m of squares due to addition of a sire of cow effect to Model [21. Furthermore, residual correlations of dams' milk production, calves' weaning weights, and milk EPD of the sire of dam were estimated after adjustment for all effects in Model E21 except milk EPD. All statistical analyses were performed using the GLM procedure of SAS (1985) .
Results and Discussion
Means for 12-h milk production and milk composition are presented in Table 2 . The average milk production, as well as the average composition, is within the range presented by other authors for different suckler breeds (e.g., Gleddie and Berg, 1968; Rutledge et al., 1971; Totusek et al., 1973) . Milk composition was not affected by any design variable, but all effects in Model [21 except milking group were significant for milk production (Table 3) .
Calving date was positively related to milk production (Table 3) . Thus, cows that calved later were fewer days postpartum at milking and produced more milk. Significant positive effects of calfs birth weight on milk production were found ( Table 3) . Similar results were also reported by Rutledge et al. (19711, Richardson et al. (19771, and Butson and Berg (1984) . Whether this relationship is due to an increased calf demand for milk that stimulates lactation or to a higher capacity to consume available milk is not clear. Mezzadra et al. (1989) reported differences in calf milk consumption, calf maximum intake, and persistency of consumption among different genotypes. They found that the highest consumption was associated with a higher maintained weight, but it is difficult to clarify causal relationship. In the current study, effects of calfs sire breed and calf's sire within sire's breed did not affect dam's milk production. However, in our study, 2-and 3-yr-old cows were mated to Simmental bulls and older cows had been mated to Angus bulls. Thus, the youngest cows suckled calves with an expected higher growth potential but similar birth weights (due to cow age effect on birth weight). Selection of sires of cows ensured near genetic independence between milk production of cows and birth weight of calves; the correlation between milk EPD and birth weight EPD for sires of cows was only -.I2 (P e 21). Thus, sires with a higher birth weight EPD were not expected to sire daughters that were genetically capable of producing both heavier calves and more milk. Therefore, the basis for the relationship between calf birth weight and dam milk production seemed to be environmental rather than genetic.
Least squares means for milk production (Table  4) differed only between high and low maternal sire groups (P < .031; neither growth group (P e .74) nor interaction (P < .17) effects were significant.
Milk EPD of sires of cows were positively and linearly related to daughters' actual milk production (Table 3) . Quadratic effects of milk EPD were not significant, indicating that genetic effects on milk production were uniformly expressed over the range of milk levels tested. The magnitude of the linear partial regression coefficient of cow milk on sire milk EPD is difficult to interpret. First, milk EPD are estimated based on an indicator trait (adjusted weaning weight), so milk EPD can only predict which bull would be expected to sire daughters that are capable of producing heavier calves because of their maternal ability. These differences are presumed to reflect differences in milking ability. Second, the 12-h milk production measured in this study may not be perfectly representative of the milk production of a cornplete lactation. However, reported genetic correlations between a single milk sample and total milk production have been found to range from .8 to 1 (Dillard et al., 1978; Danell, 1982) . Over the range of sire milk EPD sampled (-10 to 16 kg), the difference in milk production predicted by Model k 1 between the daughters of bulls with the highest and the lowest milk EPD was approximately 1 kg of milk, which was equivalent to 27% of the mean of 12-h milk production, or an increase in milk production of about 1% of the mean per kilogram milk EPD. Marston et al. (1990) regressed estimated 205-d milk production of Angus and Simmental cows on the cows' milk EPD and obtained regression coefficients of 69.9 and 70.7 kg of 205-d m i l k k g of milk EPD, respectively. If secretion of milk and effects of milk EPD are uniform over the lactation, a regression of 205-d milk on milk EPD of 70 kg/kg would correspond to a regression of 12-h milk on cow milk EPD of .170 kg/ kg. Also, because the milk EPD of a cow equals one-half her milk breeding value, the regression coefficient of cow milk breeding value on milk production from Marston et al. (1990) would have to be further halved to .085 kg/kg to be comparable to the regression coefficient of .038 in our study. Yet the value reported by Marston et al. (1990) is still more than twice as large as our value. This result might be expected if a lack of uniformity of milk production and of the regression coefficient across lactation were involved.
After fitting milk EPD, no residual sire of cow effects remained (P c: .22). Published sire milk EPD are predicted from data on purebred animals. Heterosis effects on milk production in crossbred cows have been reported (Cundiff et al., 1974; Notter et al., 1978) . However, the lack of individual sire of cow effects in addition to effects of milk EPD indicates that the purebred sires' milk EPD were adequate to predict the milk production of their crossbred daughters and suggests that effects of specific combining ability of sires were not important in these matings. Alternatively, average environmental differences between the purebred herds in which EPD were derived and the commercial production environment of the study were not associated with residual sire effects beyond those predicted by milk EPD. In dairy cattle, Ruvuna and McDaniel(1983) regressed milk production of crossbred daughters on milk predicted differences of Holstein and Brown Swiss sires. They concluded that regression coefficients were within the expected range of values, with small discrepancies attributable to a sampling effect. Persaud et al. (1990) found that the regression of sire transmitting ability on daughters' milk production was very close to the expected value in high-yielding dairy herds. They pointed out that expression of the transmitting ability of progeny-tested dairy bulls may be affected by the level of production of the herds in which those bulls are used. Nevertheless, the regression coefficient was lower for cows than for heifers. In the current study, the regression of actual milk production on sires' milk EPD did not vary with age of cow, as indicated by the fact that the interaction of milk EPD and age of cow was not significant, and therefore was removed from Model El.
The estimated residual correlation between milk production and sire milk EPD was .26 (P e .01).
The residual correlation between weaning weight and milk production was .64 (P < .00011, and the corresponding correlation of residual weaning weight and milk EPD was .20 Ip < .051. Interrelationships among the milk EPD of a sire (EPDY),
actual 12-h milk production of his daughters ( P : ) , and weaning weight of his daughters' calves Pyl are shown in Figure 1 . Given this diagram, the observed correlation of .26 between EPD," and P y has expectation .5a,h,, where a , is the correlation between EPD? and the true breeding value (BV) of the sire for milk (GF1 and hm is the square root of heritability for milk. Notice that milk EPD measures a net maternal effect and may or may not be exactly the same trait as milk production of the cow (Py). However, in Figure 1 , the net maternal milk effect is shown as equivalent to the milk production of the cow (Py). This assumption may be an oversimplification but will be retained during this discussion. Given this assumption, if milk has a genetic correlation of 1 with 12-h milk production, heritability of 12-h production is a. For sires in this study, a , , , was obtained transforming Beef Improvement Federation (BIF) accuracy (Benyshek et al., 19881 , reported in the Polled Hereford Sire Summary, into the correla tion between the predicted (EPD,", and the true breeding value of the individual (G,") (Mahrt et al., 1990) and averaged . (Koch, 1972; Cantet et al., 1988; Trus and Wilton, 1988; APHA, 1990) or higher than (Quaas et al., 1985; Bertrand and Benyshek, 1987; Wright et al., 1987; Garrick et al., 1989) has an expectation of .5a,hmm, which is also equal to the product of the correlations of EPD," with P F and of PY with Fy. This product has a value of .17, which is close to the observed value. The expectation holds as long as there are not any additional environmental or maternal genetic effects involved. Although estimates of correlation between direct and maternal effects on weaning weight are generally reported to be negative (Koch, 1972; Cantet et al., 1988; Garrick et al., 1989; APHA, 1990 ; Meyer et al., 19911 , there are estimates that are positive estimates or very close to 0 (Foulley and Menissier, 1974; Quaas et al., 1985; Wright et al., 1987; Meyer et al., 19911. In this study the observed correlation between milk and weaning weight EPD in selected sire of cows h-3 was almost 0 (-.07; P c .43).
The 95% confidence limits of the correlation of .2O between EPD; and P y were estimated by using a Fisher z transformation (Snedecor and Cochran, 1967) . The width of the confidence interval L O 6 to .44) indicates that the estimate of the correlation is highly variable due to small sample size. Thus, although the effect of sampling is considerable in this study and makes it difficult to draw precise inferences about population parameters, the results provide a reasonably consistent picture of relationships among milk EPD, actual milk production, and calf weights. Likewise, it is suggested that actual milk production may be an important component of the net maternal trait and can be improved by selection on milk EPD.
Implications
Milk expected progeny differences of sires do predict differences in actual milk production of their daughters. Thus, milk expected progeny differences can be used as a selection criterion to change milk production as a breeding objective in improvement programs in beef herds. Also, milk expected progeny differences of Polled Hereford sires derived from purebred records seem to be adequately expressed in crossbred daughters.
